1. Introduction {#s0005}
===============

The majority of medical research of plants focused on components that possess antimicrobial and antioxidant activities with low concern about antipathogenic effects ([@b0180]). Nowadays, medical studies are concentrated on managing infection of bacteria via improving antipathogenic agents that control bacterial infections by prohibiting communication process of bacteria named bacteria quorum sensing (QS), this communication system controls the production of *Pseudomonas virulence* formations (VFs) like pyocyanin, elastase, protease, biofilm formation (BF), bacterial motility, toxins induction, etc. ([@b0205]). QS in *P. aeruginosa* is managed by signaling agents named N-acylated homoserine lactones (AHLs). The concentration of AHLs auto-producers enhances in relation to enhance in bacterial accumulation till threshold, those signaling agents in return to the bacteria to manage pathogenicity of the bacteria ([@b0055]). So, removal of QS represents an imperative advance to control antimicrobial resistance and bacterial virulence ([@b0060]). Plants are represented as a rich natural resource of quorum inhibiting agents (QSI) ([@b0120]). Recently, many researches dealing with the QSI from natural resources, this prompted us to investigate the QSI effect of *Allium cepa* L. (Onion Husks) Pet. Ether fraction (ONP-PE) and its active constituent 7-Keto-(5-6-dihydro)-*β*-Sitosterol (ONP) by using the reporter *Chromobacterium violaceum* (CVO26). Pet.ether extract and active component derived from it that showed QSI activity were investigated for anti-pathogenic potential toward *P. aeruginosa* PAO1, also, their influence on the virulence of *P. aeruginosa* was examined, like elastase, pyocyanin production (PP), swarming motility (SM), and exopolysaccharide; EPS.

2. Experimental {#s0010}
===============

2.1. Plant material {#s0015}
-------------------

Red onion (*Allium cepa* L.), was bought from Hail garden, a voucher number is ATA32-1 was kept in Pharmacognosy Department, COP, KSU. The husks was combined, and grinded to coarsely powder.

2.2. Extraction and isolation of ONP {#s0020}
------------------------------------

Onion husk powder (1 kg) extracted by hydro-acetone (70%) using dist·H~2~O at 18 °C for 48 h, till exhaustion. All filtrates were combined and evaporated to get dry residue, using rotary vacuum device at 40--45 °C, to obtain a dark mucilage residue (156.2 g, yield 15.62% w/w). This residue was dissolved in CH~3~OH-H~2~O (30--70 mL), then it was fractionated successively via pet.ether (3×0.5L), pet.ether fraction was evaporated to afford ONP-PE (1.2 g).

ONP-PE (1.2 g) was subjected to column chromatographic separation (50 g Si gel, 30 cm × 1.5 cm). Elution started with pet.ether and increase the polarity by using EtOAc, 47 fractions (100 mL each) were collected and monitored the behavior by TLC using develop solvent system pet.ether:EtOAc (8.5:1.5). TLC plates were sprayed with Ceric sulfate Ce(SO~4~)~2~ spray reagent. A major compound eluted by 10% EtOAc in pet.ether was detected as white powder that was purified by recrystallization to obtain pure compound ONP (30 mg).

2.3. Characterization and structure elucidation of ONP {#s0025}
------------------------------------------------------

ONP has R~f~ = 0.73 using solvent system \[Si gel TLC, Pet.ether: Ethylacetate (8:2)\] was obtained as white needle-shaped crystals. It is freely soluble in ether and chloroform while insoluble in methanol. It gave positive Libermann\'s test indicating its steroidal nature. The ion peak appearing at *m*/*z* 431 in the EIMS was consistent with \[M + 1\]^+^ and a molecular formula C~29~H~50~O~2~. Further, the compound showed fragment ion peaks at *m*/*z* 416 \[M-CH~3~\]^+^, 413 \[M-H~2~O\]^+^, 399 \[M-H~2~O-CH~3~\]^+^, 291 \[M --side chain\]^+^, and 273 \[M-side chain-H~2~O\]^+^ characteristic for 7-keto-5-6 dihydro-*β*-sitosterol, (ONP). ^1^H&^13^C NMR spectral data of ONP were detected in CDCl~3~ Bruker AM 500 instrument (Bruker Biospin GmbH, Rheinstetten, Germany) operating at 500 MHz for protons, and 125 MHz for carbons. The chemical shift values were recorded in δ (ppm) units and the coupling constant (*J*) were expressed in Hertiz (Hz). 2-D experiments were used for recording COSY, HSQC, and HMBC spectra. The electron impact ionization mass spectra EI-MS were generated using Shimadzu QP-2010 plus.

2.4. Antibacterial assay {#s0030}
------------------------

The agar well diffusion method was described in detail by [@b0015]. Detection of minimum inhibitory concentration (MIC) of ONP&ONP-PE toward some of drug resistant clinical strains was detected by broth dilution method, using p-iodonitro tetrazolium violet dye as an indicator of bacterial growth as described by [@b0015].

### 2.4.1. Bacterial strains {#s0035}

Different strains used in this study were *C. violaceum* CV026 (a mini-Tn5 mutant of C. violaceum 31532 that cannot synthesize its own AHL but responds to exogenous C4 and C6 AHLs), and *P. aeruginosa* PAO1 (C4 and 3-oxo-C12 HSL producer, [@b9000]), both bacterial strains were grown in Luria-Bertani (LB) medium at 30 °C for 24 h. When required, the medium for *C. violaceum* CVO26 was supplemented with hexanoyl homoserine lactone (C6-HSL; Sigma-Aldrich, St Louis, MO, USA).

### 2.4.2. MIC detection {#s0040}

MIC of the ONP&ONP-PE were determined against CVO26 and PAO1 by broth macro-dilution method ([@b0030]). Sub-MICs were chosen for detecting the anti-virulence and anti-biofilm activities in the chosen bacterial strains.

2.5. DPPH radical scavenging assay {#s0045}
----------------------------------

ONP&ONP-PE radical scavenging activities was detected spectrophotometrically against 1,1-diphenyl-2-picrylhydrazyl (DPPH), method of [@b0050] as described by [@b0015].

2.6. Quantitative determination of violacein {#s0050}
--------------------------------------------

Extent of violacein induction by *Chromobacterium violaceum* (CVO26) in presence of Sub-MICs of ONP&ONP-PE was studied by extracting violacein and quantifying photometrically using procedure of [@b0020] with modification ([@b0095], [@b0100]), the procedure is described in detailed by [@b0010].

2.7. Effect on virulence factor production {#s0055}
------------------------------------------

Sub-MICs effect on VFs of PAO1 like LasB elastase, pyocyanin, swarming motility, EPS procedure was estimated previously by [@b0085].

2.8. Biofilm inhibition (BI) assay {#s0060}
----------------------------------

ONP&ONP-PE effect on BF was determined using assay of microtitre plate ([@b0130]). The procedure demonstrated previously by [@b0010].

2.9. Molecular docking analysis {#s0065}
-------------------------------

Schrodinger 2015 suite (Schrodinger, LLC, New York, NY, USA) was used for *in silico* docking studies, the methodology has been discussed previously in detail by [@b0155].

### 2.9.1. Data retrieval {#s0070}

Chembl database was used for retrieving the three dimensional structures of compound. The 2-D of the ligand structures is presented. It was prepared by using LigPrep module of Schrodinger. The methodology is previously described in detail ([@b0155]).

### 2.9.2. Selection and preparation of protein {#s0075}

The three dimensional structure of Quorum sensing control repressor (QSCR) from Pseudomonas aeruoginosa (PDB ID: 3SZT) was acquired from the PDB (Protein Data Bank) (<http://www.rcsb.org>) and was processed using protein preparation wizard as described previously in detail ([@b0155]).

### 2.9.3. Docking and binding affinity calculation {#s0080}

Motivated fit docking was prepared using Prime module of Schrodinger 2015 suite and binding affinity of ligand molecule with receptor (3SZT) was detected using MM-GBSA. The methodology has been described previously ([@b0155]).

### 2.9.4. Ligand preparation and conformational search {#s0085}

The methodology has been described previously ([@b0155]).

### 2.9.5. Induced fit docking (IFD) {#s0090}

The three stereoisomers prepared by the ligprep module were submitted as starting geometries to IFD by using Prime programin Schrodinger's IFD module. The IFD has the capability to sample both the little changes in the backbone structure and robust conformational changes inside chains. In the early stage of IFD, a softened-potential docking is performed where the ligand is docked into an ensemble of receptor conformations. This is followed by complex reduction for highest rank edpose, where both ligand and receptor binding sites are free to move. For calculations of binding energy by using the MM-GBSA continuum solvent model present in Prime module of Schrodinger 2015-3, binding affinity of ligand against the receptor molecule was also calculated.

2.10. Statistical analysis {#s0095}
--------------------------

All results were performed in triplicates, and the data obtained from experiments were plotted as mean (M) values, and the difference between control and test were assessed using student's *t* test.

3. Results and discussion {#s0100}
=========================

3.1. Compound ONP {#s0105}
-----------------

Pet. ether active fraction (ONP-PE) and its active component ONP; was further tested to assess its potential identity**.** ONP has R~f~ = 0.73 using solvent system \[Si gel TLC, Pet.ether: Ethylacetate (8:2)\] was obtained as white needle-shaped crystals. It is freely soluble in ether and chloroform while insoluble in methanol. It gave positive Libermann\'s test indicating its steroidal nature. The structure of this compound was established by ^13^C NMR spectrum which showed twenty nine carbon resonances that confirming the presence of a compound with formula C~29~H~50~O~2~ in which all the 29 carbon atoms were assigned by comparison with *β*-sitosterol published data. The ^1^H NMR spectrum, [Fig. 2](#f0010){ref-type="fig"}, is characterized by the presence of two methine protons resonating at δ~H~ 3.1 (m, H-3) and δ~H~ 2.19 (br. s, H-5). In addition, six methyl peaks appeared at δ~H~ 0.56 (3H, s, Me-18), δ~H~ 0.84 (3H, t, Me-29), δ~H~ 0.83 (3H, m, Me-27), δ~H~ 0.82 (3H, d, Me-26), δ~H~ 0.92 (3H, d, Me-21) and δ~H~ 1.0 (3H, s, Me-19). The absence of an unsaturation bond (Δ 5-6) which was in agree with absence of signals approximately at δ~C~ 140.7 and δ~C~ 121.7 for olefinic carbons (C-5&C-6) and presence of double bond ketone at δ~C~ 180 as well as presence of signals at δ~H~ 2.19 (br. s, H-5), δ~C~ 30.7 (C-5); and δ~H~ 1.9 (br. s, H-6), δ~C~ 30.7 (C-6), [Fig. 3](#f0015){ref-type="fig"}. Further, HSQC experiment was helpful in correlating each proton to the corresponding carbon. The attachment of carbonyl group at C-7 was confirmed by HMBC correlation between the methine carbon at δ~H~ 2.19 (br. s, H-5) with C-7 carbon absorption at δ~C~ 180. All these data confirmed the skeleton to be 7-Keto-(5-6-dihydro)-*β*-Sitosterol, [Fig. 1](#f0005){ref-type="fig"}. The above mentioned NMR analysis of compound ONP suggested the presence of 7-Keto-(5-6-dihydro)-*β*-Sitosterol which was isolated at the first time from *Allium cepa L*.Fig. 1ONP (7-Keto-5, 6-dihydro)-*β*-Sitosterol.Fig. 2^1^H NMR spectrum of ONP, 500 MHz, CDCl~3~.Fig. 3^13^C NMR spectrum of ONP, 125 MHz, CDCl~3~.

3.2. Antimicrobial activity {#s0110}
---------------------------

Antimicrobial screening of onion husks was determined against *S. aureus, E. coli, P. aeruginosa and C. albicans* 100 µL of ONP-PE&ONP at a dose of 100 mg/mL test by determination of the zone of inhibition. ONP-PE showed higher inhibitory activity against gram negative bacteria *E. coli* and *P. aeruginosa* by 22 and 17 mm in comparison with the ONP compound by 19 and 15 mm respectively. Moreover, ONP has more inhibitory activities against gram positive bacteria *S. aureus* as well as fungus *C. albicans* by 16 and 18 mm in comparison with ONP-PE by 14 mm and 14 mm respectively when compare with control, Table, 1; [Figs. 4](#f0020){ref-type="fig"} and [5](#f0025){ref-type="fig"}, with MIC values between 0.4 and 0.8 mg/mL for components of ONP&ONP-PE, [Table 1](#t0005){ref-type="table"}. The results of this study appear to be emphasize on the potential antimicrobial activity of onion husks pet.erher fraction and chemical compound derived from it. Therefore, this fraction may be helpfulness in the management of multi-diseases that might be a cause of infection.Fig. 4Antimicrobial activity of ONP PE.Fig. 5Antimicrobial activity of ONP.Table 1Antimicrobial activity (MIC) of ONP-PE&ONP.S. NoSamplesInhibition zone (mm)100 mg/mL*S. aureusE. coliP. aeruginosaC. albicans*1ONP PE\
MIC (mg/mL)14[ + ]{.ul}1.7\
(0.4)22 ± 2.1\
(0.4)17 ± 0.8\
(0.8)14 ± 1.2\
(0.4)2ONP\
MIC (mg/mL)16 ± 0.9\
(0.4)19 ± 0.8\
(0.8)15 ± 1.5\
(0.8)18 ± 1.0\
(0.8)3Ampicillin21------4Doxycycline--2524--5Nystatin------23

3.3. Antioxidant activity {#s0115}
-------------------------

DPPH-radical scavenging assay showed a significant antioxidant activity of ONP toward ONP-PE at a dose dependent manner by 78.32% & 83.48% and 50.19 & 64.18 at 200 and 400 µg\\mL respectively when compare to ascorbic acid and BHT, [Table 2](#t0010){ref-type="table"} & [Fig. 6](#f0030){ref-type="fig"} and [7](#f0035){ref-type="fig"}, respectively.Table 2Free radical scavenging activity of ONP-PE&ONP by DPPH method.Name of the samples% de-colorization by using DPPH methodConcentrations of plant samples (µg/mL)12.52550100200400ONP7.25 ± 2.3240.54 ± 3.3159.70 ± 3.6871.3 ± 2.2978.32 ± 2.8083.48 ± 2.14ONP PE4.7 ± 0.9927.63 ± 2.0435.36 ± 3.2341.92 ± 2.750.19 ± 3.4664.18 ± 4.73Fig. 6Free radical scavenging activity of ONP PE by DPPH method. The above data are the mean of three replicates; \* shows significant with Ascorbic acid; \$ shows significant with Butylated hydroxyl toluene (BHT).Fig. 7Free radical scavenging activity of ONP by DPPH method. The above data are the mean of three replicates; \* shows significant with Ascorbic acid; \$ shows significant with Butylated hydroxyl toluene (BHT).

3.4. Violacein inhibition (VI) assay {#s0120}
------------------------------------

Violacein production (VP), a purple pigment in *C. violaceum* is a regulated process of QS, and its induction is organized by CviIR-dependent QS system. In this current study, ONP-PE inhibited production of violacein in wild-type *C. violaceum* CVO26 strain in a dose-dependent pattern and the growth of the bacteria not affected. Maximum significant reduction of 45% (*p* ≤ 0.05) & 60% (*p* ≤ 0.005) was noticed at 400 & 800 µg/mL respectively, whilst at lower concentrations (100 and 200 µg/mL) 14&31% decrease in VP respectively were recorded, [Fig. 8](#f0040){ref-type="fig"}. Moreover, maximum significant reduction of 69% was recorded at 100 µg/mL, while at lower concentrations (12.5, 25, and 50 µg/mL) 21--59% decrease in VP was noticed in ONP, [Fig. 9](#f0045){ref-type="fig"}**.** These concentration dependent actions of ONP-PE & ONP on VP are in alignment with the different reports ([@b0200], Sybiya Vasantha [@b0165]).Fig. 8Quantitative assessment of violacein inhibition in CVO26 by sub-MICs of ONP PE. All of the data are presented as mean ± SD. \*, significance at p ≤ 0.05, \*\*, significance at p ≤ 0.005.Fig. 9Quantitative assessment of violacein inhibition in CVO26 by sub-MICs of ONP. All of the data are presented as mean ± SD. \*, significance at p ≤ 0.05, \*\*, significance at p ≤ 0.005.

3.5. ONP-PE effects on VFs of *P. aeruginosa* PAO1 {#s0125}
--------------------------------------------------

Profiteering *P. aeruginosa* (human pathogen) integrates AHL dependent signaling with 4-Quinolone dependent QS ([@b0040]). So, the rhl, las, and pqs QS systems of *P. aeruginosa* control the production of multi- extracellular VFs such as elastase, pyocyanin, swarming motility, and exopolysaccharide; EPS ([@b0115], [@b0190], [@b0035], [@b0185]). Sub-inhibitory concentrations effects of ONP-PE& ONP at different VFs of *P. aeruginosa* PAO1 is recorded in [Figs. 10](#f0050){ref-type="fig"} and [11](#f0055){ref-type="fig"}.Fig. 10Effect of sub-MICs of ONP PE on inhibition of quorum sensing regulated virulence factors in *P. aeruginosa* PAO1. All of the data are presented as mean ± SD. \*, significance at p ≤ 0.05, \*\*, significance at p ≤ 0.005, \*\*\*, significance at p ≤ 0.001.Fig. 11Effect of sub-MICs of ONP on inhibition of quorum sensing regulated virulence factors in *P. aeruginosa* PAO1. All of the data are presented as mean ± SD. \*, significance at p ≤ 0.05, \*\*, significance at p ≤ 0.005.

The activity of LasB elastase was significant decreased and noticed in the culture supernatant of PAO1 handled with ONP-PE &ONP sub-MICs. A significant inhibition was noticed by 41% & 57% when PAO1was cultured with ONP-PE at 400 & 800 µg/mL (*p* ≤ 0.05) concentrations of the pet.ether fraction. A minimum of 48% inhibition was observed when PAO1was cultured with ONP at a concentration of 40 µg/mL (*p* ≤ 0.05) and maximum of 59% inhibition was observed at 80 µg/mL (*p* ≤ 0.05) concentration of the compound. Elastase enzyme promotes the invasiveness of the pathogen by decomposing the structural components of the infected tissue ([@b0105]). In this current study, the ONP-PE & ONP showed concentration-dependent inhibition of elastase in PAO1, as recorded in [Fig. 10](#f0050){ref-type="fig"} and [11](#f0055){ref-type="fig"}. This data is in agreement with the report of [@b0125], who determined significant inhibition of LasB activity by many plants. Many reports suggest that steroidal rich fractions of plants exerts substantial inhibitory effect against LasB in PA01. In addition to, flavanones ([@b0170]), *Sclerocarya birrea* bark extract ([@b0150]) and *Trigonella foenum-graceum* seed extract ([@b0095]) have been shown to inhibit elastase activity to appreciable levels. Production of blue colored pyocyanin is controlled by QS ([@b0185]).

PP and phenazine-1-carboxylic acid (PCA) cause impairs neutrophil-mediated host defenses and neutrophil apoptosis ([@b9005]). ONP-PE &ONP at sub-lethal concentrations exhibited appreciable decrease in the pyocyanin production (PP) by PAO1. The maximum reduction of 62% in PP was recorded at highest tested concentration 800 µg/mL, (*p* ≤ 0.005) followed by 49% at 400 µg/mL concentration, (*p* ≤ 0.05), [Fig. 10](#f0050){ref-type="fig"}. The maximum reduction of 60% in PP was recorded at highest tested concentration 80 µg/mL, (*p* ≤ 0.05) followed by 45% at 40 µg/mL concentration, (*p* ≤ 0.05), [Fig. 11](#f0055){ref-type="fig"}. Current results are in alignment with the results of recent reports wherein [@b0110], and [@b0045] demonstrated that fractions of *S. aromaticum* and *Tinospora cordifolia* from bud and stem respectively reduced the PP significantly.

SM and EPS, by *P. aeruginosa* plays a vital role in the initiation, maturation, and maintenance of the biofilm architecture ([@b0140], [@b0080]). Therefore, any interference with the SM and EPS is bound to affect the BFs by the pathogen. In the present study, treatment of PAO1 with sub-MICs of ONP-PE showed significantly reduced EPS, the compound (400 & 800 µg/mL) demonstrated inhibition in EPS to the level of 39 (*p* ≤ 0.05) & 58% (*p* ≤ 0.005) respectively. Similarly, SM of PAO1 was also significantly impaired the extract concentrations 200, 400 & 800 µg/mL, that demonstrated inhibition in SM to the level of 40% (*p* ≤ 0.05), 59% (*p* ≤ 0.005) & 71% (*p* ≤ 0.001) respectively after treatment with test concentrations of ONP-PE ([Fig. 9](#f0045){ref-type="fig"}). Furthermore, treatment of PAO1 with sub-MICs of ONP showed significantly reduced EPS, the compound (40 & 80 µg/mL) demonstrated inhibition in EPS to the level of 48 (*p* ≤ 0.05) & 69% (*p* ≤ 0.005) respectively. Similarly, SM of PAO1 was also significantly impaired the compound concentration 20, 40 & 80 µg/mL, that demonstrated inhibition in SM to the level of 50 (*p* ≤ 0.05), 61 (*p* ≤ 0.05) & 75% (*p* ≤ 0.005) respectively after treatment with test concentrations of ONP ([Fig. 11](#f0055){ref-type="fig"}). This statistically significant reduction of motility and exopolymeric material is reported with *Trigonella foenum-graceum* seed extract ([@b0095]). Biofilm is a drug resistant complex aggregation of microorganisms and is a key factor in the pathogenesis of *P. aeruginosa* ([@b0025]).

In a biofilm adherent cells become embedded within a slimy extracellular matrix that is composed of extracellular polymeric substances (EPS). Biofilms are the cause of severe persistent infection and BFs is considered as one of the potential drug targets to combat drug-resistant chronic infections ([@b0065], [@b0195]). The ONP-PE showed 22, 30, 42 and 57% (*p* ≤ 0.05), decrease in the BFs ability of PAO1 at 100, 200, 400, and 800 µg/mL of extract concentrations, respectively, [Fig. 12](#f0060){ref-type="fig"}. The ONP showed 18, 25, 58 (*p* ≤ 0.005), and 73% (*p* ≤ 0.005), decrease in the BFs ability of PAO1 at 10, 20, 40, and 80 µg/mL of compound concentration, respectively, [Fig. 13](#f0065){ref-type="fig"}. Our findings are confirmed from previous studies on biofilm inhibition in PAO1, by *Trigonella foenum graceum* ([@b0095]), Mangifera indica ([@b0090]), polyphenolic fraction of South Florida plants ([@b0005]), *Lagerstroemia speciosa* ([@b0160]), *Rosa rugosa* ([@b0210]), and *Sclerocarya birrea* ([@b0150]),Fig. 12Effect of sub-MICs of ONP PE on biofilm formation in *P. aeruginosa* PAO1. All of the data are presented as mean ± SD. \*, significance at p ≤ 0.05.Fig. 13Effect of sub-MICs of ONP on biofilm formation in *P. aeruginosa* PAO1. All of the data are presented as mean ± SD. \*, significance at p ≤ 0.05, \*\*, significance at p ≤ 0.005.

3.6. Molecular docking (MD) and binding affinity {#s0130}
------------------------------------------------

The amino acid residues of receptor 3SZT interacting with ligand are shown in [Fig. 14](#f0070){ref-type="fig"}A. Moreover, the overall ribbon structure is also shown in [Fig. 14](#f0070){ref-type="fig"}B. In the receptor-ligand complex, 28 amino acid residues of receptor interact with ligand. Ser-129 and Ile-125 displayed hydrogen bonding interaction with the ligand. The docking and glide score for the ligand is −10.93 Kcal/mol. Moreover, the calculated binding affinity was observed to be −160.33 Kcal/mol.Fig. 14(A) Amino-acid residues in the binding pocket of 3SZT involved in interactions with ligand. (B) Overall ribbon form representation of docking complex of 3SZT with ligand.

Findings of the MD with ONP were confirmed in vitro using the CVO26 and PAO1 test strains. MIC of ONP was found to be 200 and 100 against CVO26 and PAO1, respectively. At the tested sub-MICs (12.5--100 µg/mL), ONP demonstrated statistically significant inhibition of violacein pigment ranging from 21 to 59% when compared to untreated control group ([Fig. 9](#f0045){ref-type="fig"}). IC50 value was found to be 30.98 µg/mL. ONP was further estimated for its anti-virulence properties in PAO1 and dose-dependent reduction in all the studied of VFs was observed. Test compound (ONP) decreased the elastase activity (10--59%), PP (9--60%), EPS (8--69%) and SM (29--75%) at sub-inhibitory concentrations ranging from 10 to 80 µg/mL ([Fig. 11](#f0055){ref-type="fig"}). BFs by PAO1 was also impaired by 18, 25, 58, and 73% at 10, 20, 40, and 80 µg/mL concentrations, respectively ([Fig. 13](#f0065){ref-type="fig"}). In other study, flavonoid without impacting the growth of PAO1, possess significantly inhibited (P \< 0.05) BFs and production of VFs including PP, protease and elastase at sub-lethal doses ([@b0135]). Moreover, the toxicity of this compound has been investigated, with the 7-Keto-(5-6-dihydro)-*β*-Sitosterol being the most toxic to HepG2, U937, and Caco2 cell lines in a similar way to their corresponding cholesterol counterparts, [@b0145].

4. Conclusion {#s0135}
=============

*Allium cepa* L, (pet.ether fraction), is used in this study to focus on its QS and BI properties against pathogenic bacteria. This study shows that ONP-PE&ONP might inhibit the production of QS mediated VFs in *C. violaceum,* and *P. aeruginosa*. Moreover, the used of sub-MICs of ONP-PE&ONP possess a significant inhibition of the QS-mediated BFs, SM, and EPS formation in these pathogens. Thus, these results suggest that ONP-PE and its new bioactive derived compound ONP might possess potential anti-infective properties, and might confirmed to be an effective anti-QS and anti-biofilm agent toward pathogens.
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